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ABSTRACT
We developed an in vitro system to diagnose allergy using an allergen microarray and photo-immobilization
technique. Photo-immobilization is useful for preparing the allergen microarray because it does not require spe-
cific functional groups of the allergen and because any organic material can be immobilized by a radical reac-
tion induced by photo-irradiation. To prepare the plates, allergen solutions were mixed with polymer and a bis-
azidophenyl derivative, a photo-reactive cross-linker, the mixtures were micro-spotted on the plate, and the
droplets were dried. The plate was irradiated with an ultraviolet lamp for immobilization. For the assay, human
serum was added to the microarray plate. Allergen-specific immunoglobulin E (IgE) adsorbed on the micro-
spotted allergen was detected by peroxidase-conjugated anti-IgE antibody. The chemiluminescence intensities
of the substrate decomposed by the peroxidase were detected with a sensitive CCD camera. All allergens were
immobilized by this method and used to screen allergen-specific IgE.
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INTRODUCTION
To study allergic reactions, it is important to develop
test systems to measure immunoglobulin E ( IgE)
concentration in serum samples. The first radioaller-
gosorbent test (RAST) to detect allergen-specific IgE
in serum was described in 1967.1 Subsequent tests re-
placed the radioactive labels used in the RAST with
various procedures such as the chromogenic-enzyme
immunoassay (EIA) or fluorescence-enzyme immu-
noassay (FEIA). However, few of these have become
routine methods in the diagnosis of allergy in re-
search and clinical practice.2-7 The most common in
vitro technique used in the clinical settings is the
Pharmacia CAP System (PCS) to measure total and
allergen-specific IgE (specific IgE FEIA, Pharmacia,
Uppsala, Sweden). Other methods such as the FAST
FEIA (MAST Diagnostica, Reinfeld, Germany) and
HYTEC EIA (Hycor Biomedicals, Kassel, Germany)
are available commercially.8 Some methods are based
on liquid-phase inhibitor assays (e.g., AlaSTAT, DPC
Biermann, Los Angeles, CA, USA) or multiallergen-
coated nitrocellulose strips (e.g., IgEquick, Teomed
AG , Greifensee , Switzerland ; CMG Immunodot ,
Trimedal AG, BrÜttisellen, Switzerland).9,10 The CAP
System contains a cellulose polymer densely conju-
gated with allergen extracts or recombinant aller-
gens.
Although it is possible to measure a multitude of
allergen-specific IgEs by immunoassays in the pa-
tient’s blood, these tests are expensive, time consum-
ing, and some need a high volume of reagents and se-
rum. An increasing number of patients are experienc-
ing immediate-type allergic diseases, such as allergic
rhinoconjunctivitis, atopic eczema, and food and drug
allergies.11 It is desirable to develop a fast and eco-
nomic screening technology to detect allergen-
specific IgE in serum samples that allows the simulta-
neous analysis of hundreds of allergens in a single
run. Multiallergen dipstick tests were a first step in
the miniaturization and cost savings of such tech-
niques,10,12 but most could not be run automatically.
Microarrays produced with spotting devices are an-
other strategy to miniaturize such tests, which allow
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Table 1 UniCap data of sera (IU/ml)
SIC31181AHP9549AHP9580SIC311276M-14Alergen
 30.9 9.37 ＜0.34 ＜0.34 8.79Japanese cedar
 12.8 4.50 0.63 36.4 0.88Dermatophagoides pteronyssinus
 ＞100 99.9 65.1 ＜0.34 ＜0.34Orchard grass
 37.9 14.7 ＜0.34 ＜0.34 ＜0.34Cow milk
 33.1 11.4 ＜0.34 0.52 ＜0.34Egg white
The values coresponding to the chemiluminescent spots of Figure 4 are underlined.
proteins to be immobilized in the lower nanoliter
range on defined positions on a surface. The first ex-
perimental microarray system for allergy diagnosis
was reported in 2000,13 and an allergen microarray
based on fluorescence detection was published in
2002.14 Fall et al. reported recently on an application
of the parallel affinity sensor array (PASA) technol-
ogy that automatically performs allergy diagnosis . 2
Purified recombinant and natural allergens and aller-
gen extracts were immobilized on glass slides to de-
tect allergen-specific IgE. However, not all allergens
were immobilized by the technique because specific
functional groups are needed by the allergens.
We have developed a photo-immobilization method
to apply the microarray to various materials including
proteins and cells.15,16 We used this photo-immobili-
zation technique to prepare a microarray of allergens.
The advantages of the photo-immobilization method
are that it is not limited by functional groups and that
it can immobilize any organic material in any organic
substrate.
METHODS
REAGENTS AND CHEMICALS
Plates for microarray (polystyrene slides, 2.5 cm × 7.6
cm × 0.5 mm) were cleaned using ethanol with soni-
cation for 15 minutes at room temperature . The
washed polystyrene slides were dried and stored .
The raw allergen materials, Japanese cedar, orchard
grass, Dermatophagoides pteronyssinus, cow milk and
egg white , were purchased from Allergon (Ängel-
holm, Sweden). The polyclonal affinity-purified horse-
radish peroxidase (HRP) -labelled goat anti-human
IgE antibody was purchased from Serotec Ltd (Ox-
ford, UK). The ECL Advance Kit for HRP was pur-
chased from Amersham Biosciences UK Ltd (Buck-
inghamshire, UK). 4,4’-diazido-stylbene-2,2’disulfonic
acid, disodium salt (BIS), polyethylene glycol meth-
acrylate (molecular weight, 526 Da), and bovine se-
rum albumin (BSA) were purchased from Sigma-
Aldrich Co (Milwaukee, WI, USA). Sera containing
allergen-specific IgE for Japanese cedar (M-14), Der-
matophagoides pteronyssinus ( SIC 311276 ) , orchard
grass (AHP9580) , cow milk (AHP9549) , and egg
white (SIC31181) were purchased from Uniglove Re-
search Corp. (Rivera, CA, USA). The reference meas-
urements were performed with the UniCap System
(CAP specific IgE-FEIA, Pharmacia , Uppsala , Swe-
den) and the data are shown in Table 1.
SYNTHESIS OF PEG-350
The polymer matrix carrying polyethylene glycol in
the side chains (PEG-350) was prepared as follows.
Polyethylene glycol methacrylate (molecular weight
350 Da, 7.0 g) was dissolved in ethyl acetate (80 mL)
and bubbled with nitrogen gas for 30 seconds. Azo-
bisisobutyronitrile (46.0 mg) was added to the solu-
tion, which was then allowed to stand for 6 hours at
60℃. The solution was concentrated and added to di-
ethyl ether. A viscous solid was obtained after stir-
ring. The precipitation procedure was repeated four
times and the final precipitate was dried in vacuo.
The yield was 1.57 g (22.4%).
PREPARATION OF ALLERGENS
To prepare the allergen extracts, 5% raw allergen ma-
terial (wv) was suspended in 0.05 M phosphate
buffer (pH7.4) for 2 hours at 4℃ . The supernatant
was collected and filtered through a 0.45 μm cellulose
acetate membrane (Sartorius, Göttingen, Germany).
The supernatant was dialyzed against water for 24
hours and then lyophilized.
PHOTO-IMMOBILIZATION OF ALLERGEN
The principle of immobilization is illustrated in Fig-
ure 1. We propose that BIS works as a photo-reactive
cross-linker to immobilize the allergen with PEG-350
and that photo-irradiation causes the cross-linking re-
action to occur between allergen and allergen, aller-
gen and PEG-350, allergen and the plate surface, and
PEG-350 and the plate surface.
The extracted allergens were dissolved in deion-
ized water at various concentrations (0.625―40 mg
mL). The allergen solutions were mixed with an
aqueous solution of BIS (0―0.5 mgmL), and PEG-
350 (0.25 mgmL) at a 2:1:1 volume ratio. The mix-
tures were micro-spotted (50 nL) with the microarray
spotter (PixSis-4500, Cartesian, Irvine, CA, USA) on
the plate and the droplets were dried. The microar-
rayed plate was irradiated with an ultraviolet lamp
(300―400 nm, Nippo Electric Co. Ltd. FL15BLB) for 7
minutes . Finally , the allergen-immobilized plates
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Fig. 1 Ilustration of the photo-immobilization method. Abbreviations: PEG-350, 
polymer carying polyethylene glycol in the side chains; BIS, 4,4’ -diazido-stilbene-
2,2’ -disulfonic acid disodium salt.
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were rinsed with phosphate-buffered saline (PBS)
containing 0.1% Tween-20 (the washing buffer), and
stored until use in a refrigerator.
MICROARRAY ASSAY PROCEDURE
The allergen-immobilized plates were incubated with
serum (30 μL) for 1 hour at room temperature with
shaking in a chamber. The plate was washed with 30
mL of the washing buffer for 3 minutes in a chamber.
HRP-conjugated anti-human-IgE antibody (diluted 1:
100 with PBS-10% BSA) was loaded on the microarray
plates and the plates were incubated for 1 hour at
room temperature with shaking in a chamber . Fi-
nally, the substrate solutions (ECL Advance Kit) were
added to the plates and the plates were incubated for
3 minutes at room temperature. The chemilumines-
cence intensities of each micro-spot were measured
for 30 seconds with a cooled CCD camera system
(AE-6960 Light Capture, ATTO Corp., Tokyo, Japan).
RESULTS
PHOTO-IMMOBILIZATION
To examine the photo-immobilization method, we im-
mobilized orchard grass under various conditions .
No chemiluminescence was observed when allergen
was not contained in the micro-spot (data not shown).
This result indicates that neither BIS nor PEG-350 in-
duces non-specific adsorption of antibodies. Although
neither BIS nor PEG-350 immobilized allergen, some
intensity of chemiluminescence was observed
(Fig. 2). Non-specific (physical) adsorption of aller-
gen was considered to occur on the plate surface. In
contrast, micro-spotting with both BIS and PEG-350
produced maximum intensity (Fig. 2). This result in-
dicates that the allergen was stably immobilized on
the plate surface; BIS caused cross-linking between
allergen and allergen, and between allergen and the
plate surface, and thus immobilized allergen on the
plate and PEG-350 was considered to increase the
amount of immobilized allergen by entrapping in the
crosslinked matrix
CALIBRATION CURVE
Using the condition producing the highest chemical
luminescence intensity , we produced calibration
curves for orchard grass, Japanese cedar, Dermato-
phagoides pteronyssinus, cow milk , and egg white ,
which are shown in Figure 3. The coefficients of vari-
ation (CV) were <10.0%, although the pattern of the
calibration curve differed between the allergens.
ASSAY USING MULTIPLE MICRO-SPOTTED
PLATES
Figure 4 shows the chemiluminescence image pro-
duced by IgE adsorbed on micro-spotted orchard
grass, Japanese cedar , Dermatophagoides pteronyssi-
nus, cow milk, and egg white. Although Fall et al. 2
could not immobilize all the antigens they studied,
our results show that all antigens were immobilized
and that we observed chemiluminescence of each al-
lergen spot by adsorption of IgE from the corre-
sponding serum. In addition to the IgE, which should
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Fig. 2 Adsorption of orchard grass-specific IgE on the sur-
face micro-spoted with ◆, alergen only; ▲, alergen with 
PEG-350; ■, alergen with BIS; and ●, alergen with PEG-
350 and BIS. The concentrations of micro-spoted alergens 
were 2.5 mg/mL for orchard grass alergen, 2.5 mg/mL for 
PEG-350, and 0.125 mg/mL for BIS. Serum was diluted 1-, 
2-, 8-, 32- and 128-fold with PBS-4% BSA. N＝4.
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Fig. 3 Calibration curve of alergen-specific IgE on micro-
spoted alergens. Orchard grass (2.5 mg/mL), Japanese ce-
dar (10.0 mg/ml), Dermatophagoides pteronyssinus (20.0 
mg/ml), cow milk (10.0 mg/ml), and egg white (10.0 mg/ml) 
were micro-spoted and photo-immobilized with BIS (0.125 
mg/mL) and PEG-350 (2.5 mg/mL). Serum was diluted 1-, 2-, 
8-, 32- and 128-fold with PBS-4% BSA. Data are presented 
as means ± SD (N＝4).
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Fig. 4 Chemiluminescence image of IgE adsorbed on 
micro-spoted Japanese cedar, Dermatophagoides ptero-
nyssinus, orchard grass, cow milk, and egg white.
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1: Allergen(－)
2: Japanese cedar
3: Dermatophagoides pteronyssinus
4: Orchard grass
5: Cow milk
6: Egg white
M-14
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be contained in serum according to the supplier, Fig-
ure 4 shows the allergic reactions between the vari-
ous allergens and serum. M-14 and SIC311276 each
produced an allergic response to cow milk and egg
white. AHP9549 produced an allergic response to or-
chard grass and egg white, and SIC31181 produced
an allergic response to orchard grass and cow milk.
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DISCUSSION
The photo-immobilization method uses the radical re-
action for cross-linking, making it possible to immobi-
lize any organic materials independently of functional
groups of chemicals or proteins . 15-17 It is easy and
convenient to prepare multiple micro-spots by the
same method. We have previously immobilized vari-
ous types of proteins to analyze cell adhesion and
panel cells to detect antibody in blood.15,16,18
One additional characteristic of the assay is that
the orientation of immobilized molecules is random.
This property is suitable for the allergen microarray
because various sites of immobilized molecules are
exposed from the surface, enhancing recognition by
polyclonal IgE (Fig. 1). The ability to measure the
amount of IgE in the diluted serum, shown in Figure
3, indicates that this property enhances the assay’s
sensitivity.
Since standardization was not completely per-
formed, the chemiluminescent spots were not com-
pletely in accord with the data in Table 1. However, in
each sample higher values of UniCap measurement
corresponded to the chemiluminescent spots. This in-
dicates the adequacy of the present measurement.
Another characteristic is the small amount of se-
rum required for the microarray assay. Usually 300
μL of serum is required to analyze five different aller-
gens in the conventional one-to-one assay. However,
this system required one-tenth that amount (30 μL)
to analyze five allergens. Integrating the microarray
density will increase the number of allergens that can
be analyzed.
Our study demonstrates that this photo-
immobilization technique is useful for screening of
allergen-specific IgE to diagnose allergy. The ability
to adapt this technique to immobilize any organic ma-
terial has potential applications in developing assays
to analyze auto-immunity and infection.
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